Sequences of the internal transcribed spacers (ITSs) of 18S-26S nuclear ribosomal DNA were used to resolve phylogenetic relationships and chromosomal evolution among 14 species of the genus Hypochaeris (Asteraceae). Parsimony analysis was performed for phylogenetic reconstruction, and sequence divergence between species was estimated. Pairwise sequence divergence within Hypochaeris genus ranged from 0% to 25.68% in ITS1 and from 0% to 17.08% in ITS2. A highly resolved strict-consensus tree was obtained that showed the phylogenetically useful information of ITS sequences within the genus Hypochaeris. Four clades could be well distinguished, one of them formed by the single species H. robertia, which appeared to be the most related to the ancestral species of the genus. The results agree with taxonomic classification based on morphological data, and the tree obtained, when indels are coded as missing data, aggregates the species having the same chromosome number, except in one clade. According to the ITS phylogenetic tree, the chromosomal evolution within the genus Hypochaeris conflicts with the previous hypothesis and suggests that karyotype evolution in Hypochaeris was accompanied with both decreasing and increasing dysploidy, probably with several chromosomal rearrangments, and from an ancestral basic chromosome number of 4 or 5.
Introduction
Hypochaeris (Asteraceae, tribe of Lactuceae, subtribe of Leontodontinae or Hypochoerinidae) is a small genus which contains about 50 species according to Stebbins (1971) . On the other hand, Tomb (1978) reported, in a systematic review of the Lactuceae, about 100 species for Hypochaeris, the greater part of which are native to South America (Lack 1978; Ruas et al. 1995) .
Although the genus was divided into 10 sections by Bentham (1873) , Hoffmann (1891) reduced the number of sections to 5. The section Achyrophorus Scop. contains the largest number of species and is considered the most primitive. This section consists of some European species and of all South American species. The other sections are Euhypochaeris Benth., Metabasis D.C., Seriola L., and Robertia D.C. The last section is represented by the single taxon H. robertia Fiori. (H. taraxacoides (Lois.) Benth. et Hook., Robertia taraxoides (Lois.) D.C.). Stebbins, Jenkins, and Walters (1953) defined a morphological chromosome type for each section with the exception of Robertia D.C.
The genus has two centers of diversification: the Mediterranean region and South America. The geographical origin of the genus has been investigated by Stebbins (1971) . Based on the number and morphology of chromosomes, he hypothesizes that the genus most probably originated from the Mediterranean region and that South America was consequently the secondary center of diversification. The radiation in South America could be due to a passage of extinct species through North America. Another hypothesis (Barghi, Mugnier, and Siljak-Yakovlev 1989) considers the European species H. robertia to be a possible link between Europe and South America and proposes that this taxon should be included in the genus Robertia, which could be redefined to include some of the South American species. This hypothesis was not entirely supported by who consider H. robertia to be a karyologically particular species in the European group rather than the species most related to the South American group.
Few studies have been devoted to the genus Hypochaeris, and there are some unclear systematic points that have been reviewed in other papers (Barghi, Mugnier, and Siljak-Yakovlev 1989; Siljak-Yakovlev et al. 1994) . For instance, the European species H. robertia was first described as a species of the genus Seriola (Loiseleur-Deslongchamps 1806-1807). Later, this species was classified three times in different genera (Martinoli 1953 ). De Fillipps (1976 has finally incorporated it in the genus Hypochaeris. On the other hand, De Candolle (1838) classified the South American species H. chillensis in the genus Seriola, and Cabrera (1976) reported that this species had changed names three times until it was finally included in the genus Hypochaeris. This inconstant classification reflects the difficulty of generic delimitation in the Asteraceae, in contrast to the ease in recognizing this family (Cronquist 1985) .
As stated by Baldwin (1993) , molecular phylogenetics has the potential to contribute significantly to taxonomy and to understanding changes in plant genome structure and chromosome evolution. The genus Hypochaeris is a good example for this purpose: it has two centers of diversification; the European species possess a range of different chromosome numbers, whereas the South American species have a unique basic chromosome number. Moreover, the species studied until now in the genus have revealed the presence of both ancestral and derived karyotypes, determined by the size and morphology of chromosomes (Stebbins 1971) .
We have therefore undertaken this study as a contribution toward solving several problems: the system- atic position of H. robertia, the relationships among Hypochaeris species, and the chromosome evolution within the genus. Sequences of the internal transcribed spacers (ITSs) of nuclear rDNA have been shown to be useful for resolving phylogenetic relationships within genera and between related species (Suh et al. 1993; Wojciechowski et al. 1993) . Various phylogenetic studies using ITS sequences have already been published for Asteraceae at the genus level (Baldwin 1992; Baldwin et al. 1995; Susanna et al. 1995) as well as at the species level (Baldwin 1993; Kim and Jansen 1994; Sang et al. 1994) . Nucleotide sequence divergence of ITS was considered to be sufficently high between closely related species. The ITS region was therefore chosen in the present study to reconstruct a molecular phylogeny of the genus Hypochaeris.
Materials and Methods

Plant Samples
Fourteen species of Hypochaeris were selected for this study. These species represent almost all of the Mediterranean species (10) and four South American species. Two other species, Leontodon hispidus L., and Hyoseris scabra L., were chosen as outgroups because they are very close to the genus Hypochaeris, particularly Leontodon. Origins of the plant samples are given in table 1. Seeds were germinated in glass petri dishes. All plants, except Leontodon hispidus L., were grown in the greenhouse at Orsay University Campus. One plant per species was analyzed. Total DNAs were extracted from fresh leaves using a hexadecylmethylammonium bromide method (Doyle and Doyle 1987) .
Amplification of ITS Region
ITS region was amplified using polymerase chain reaction (PCR) with the primers 5Ј-AAGGTTTCCGTAGGT-GAAC-3Ј for the 3Ј end of 18S rDNA and 5Ј-TATGCT-TAAACTCAGCGGG-3Ј for the 5Ј end of 26S rDNA. The 100-l PCR reactions contained 10 l of 10 ϫ Taq polymerase reaction buffer, 2.5 U Taq polymerase (Appligene, Strasbourg, France), 2 mM of each dNTP, 300 ng of each primer, and about 30 ng of DNA. Reaction mixtures were covered with a drop of mineral oil to prevent evaporation during thermal cycling. The PCR profile was 35 cycles of reaction: 45 s at 94ЊC (denaturation), 60 s at 58ЊC (annealing), and 90 s at 72ЊC (elongation). Concentrations and lengths of PCR products were estimated by agarose gel electrophoresis.
Sequencing of ITS Region
PCR products were directly sequenced using the Sequenase PCR product sequencing kit (USB-Amersham) following supplier instructions. The primers used for sequencing were those used for PCR reactions plus the primer 5Ј-ATCGATGAAGAACGTAGC-3Ј for sequencing ITS1 and the primer 5Ј-GCTACGTTCTT-CATCGAT-3Ј for sequencing ITS2.
Alignment and Sequence Analyses
Nucleotide sequences were aligned using the Clustal W 1.5 program (Thompson, Higgins, and Gibson 1994) . The 3Ј end of the 18S gene, both 5Ј and 3Ј ends of the 5.8S gene and the 5Ј end of the 26S gene were used to make the alignment of sequences easier. The alignment was corrected manually.
The alignment was used for construction of maximum-parsimony trees using the branch-and-bound and heuristic research modes (TBR option) of program PAUP 3.1.1 (Swofford 1993) . MacClade (Maddison and Maddison 1992) was used to perform analysis of character evolution. The consistency index (CI), which is used to evaluate the fit of character data on phylogenetic hypotheses and relates to the homoplasy rate (Kluge and Farris 1969) , was calculated with PAUP. The phylogenetic signal of data was determined by the g1 statistic of tree length distribution (Hillis 1991) . The DNADIST program of PHYLIP, version 3.4 (Felsenstein 1991) , was used to calculate pairwise sequence divergence between species in ITS1 and ITS2 with the two-parameter method (Kimura 1980) . A tree was also constructed by the neighbor-joining method (Saitou and Nei 1987) using these divergence values.
Results
ITS Length Variation
After PCR amplification of the entire ITS region (ITS1-5.8S-ITS2), all species analyzed displayed a single band of PCR products of about 700 bp. These unique products were directly sequenced.
The length of ITS1 varied from 248 bp in H. laevigata to 256 bp in H. chillensis, H. megapotamica, and H. microcephala. For ITS2, the length varied from 205 bp in H. uniflora to 227 bp in H. cretensis (table 2) . Accession numbers of sequences in the EMBL database are given in table 2.
Gaps were introduced into the aligned sequences as necessary for adequate alignment, taking care to minimize their number ( fig. 1 ). Nevertheless, series of gaps which would constitute single evolutionary events were required at the end of ITS1 (205-208 and 212-215 nucleotide positions) and at the beginning of ITS2 (325-336 and 323-342 nucleotide positions). Four additional gaps were needed to align sequences with outgroups.
Sequence Divergence Comparisons
Pairwise sequence divergence ( 
Phylogenetic Analysis of Sequences
The number of variable sites in the aligned sequences, when gaps are considered as missing data, is 129 in ITS1, 71 of which are phylogenetically informative, and 107 in ITS2, 58 of which are informative. Altogether, there are 129 informative sites in the ITS region.
The g1 test revealed a statistic value of Ϫ0.885 for 100,000 random trees evaluated. This value indicates that ITS sequences are phylogenetically highly informative.
Parsimony analysis with PAUP displayed three equally most-parsimonious trees of 395 evolutionary steps. The CI of these trees was 0.644 excluding uninformative characters. The differences among these trees concern the position of H. megapotamica and H. pampasica within the clade of South American species. The strict consensus tree is shown in figure 3 , which also indicates the chromosome number of each species and the taxonomic sections of the genus Hypochaeris according to Hoffmann's (1891) classification.
The robustness of the tree was estimated by a bootstrap of 1,000 replications, which indicates that most of the branches are correctly supported except at the base of the tree ( fig. 3) . The decay index values, corresponding to the numbers of additional evolutionary steps required to break the corresponding sister group, are also given in figure 3. One to four evolutionary steps were needed to collapse branches.
Four clades can be distinguished (see fig. 3 ). The first one consists of a single taxon H. robertia. Another clade, formed by some European species, is divided into two groups (bootstrap value of 98%, decay value of Ͼ5): one formed by H. cretensis and H. oligocephala and one formed by H. maculata, H. illyrica, and H. uni- flora. This last clade appears to be a sister group (bootstrap value of 78%, decay index of 3) of the South American species. The South American species form a well-differentiated clade which appears to be monophyletic and strongly supported (bootstrap of 100%, decay index of Ͼ5). The last clade is formed by the four European species (H. achyrophorus, H. laevigata, H. glabra, and H. radicata) and is supported by a bootstrap value of 69% and a decay index value of 4 steps. This clade appears to be the sister group of all South American species and of the European species except for H. robertia.
Inside the clade of South American species, H. megapotamica, H. chillensis, and H. pampasica are closer to each other than to H. microcephala (bootstrap value of 70%, decay index of 1). The tree also shows H. cretensis as a sister species of H. oligocephala, and this group is supported by a bootstrap of 75% and a decay index value of 2 steps.
Testing the influence of the outgroups on the tree and its robustness, we observe that the use of the species Hyoseris scabra decreases the resolution of the tree and the bootstrap values at the basal node. Conversely, when Leontodon hispidus is taken as the unique outgroup species, the reconstruction still places H. robertia at the basal node of the tree, but this node is then better supported by a bootstrap value of 53%.
In order to increase the phylogenetic information, gap series of the aligned sequences, whatever their lengths, are added to the sequence data matrix and scored as binary characters (presence or absence). With this treatment and using only L. hispidus as outgroup, the same major clades as before are obtained ( fig. 4) The neighbor-joining tree shows approximately the same clades as the parsimony analysis except for the species H. robertia, which is more related to the clade of H. achyrophorus and H. glabra.
Discussion
ITS Sequences Comparison
ITS sequences provided sufficient and useful information for reconstructing a phylogeny within the genus Hypochaeris, as is indicated by the value of the g1 coefficient (Ϫ0.885) and by a fairly low rate of homoplasy according to the values of CI (0.644) and homoplasy index (HI) (0.356). Although higher bootstrap values were obtained when gaps were coded as binary characters rather than as missing data, using only Leontodon hispidus as the outgroup species, both consensus trees are in agreement with each other. From the values of pairwise sequence divergence between H. scabra and Hypochaeris species (table 3), it seems that Hyoseris is not as close to the genus Hypochaeris as is Leontodon, although Jeffrey (1966) classified Hyoseris in the same group.
In all Hypochaeris species analyzed, as well as in L. hispidus and H. scabra, ITS1 is longer than ITS2. This difference in size agrees with results already obtained for genera of the family Asteraceae (Baldwin 1992; Kim and Jansen 1994) , while in other families, for example, Gentianaceae, ITS2 is longer (Yuan and Küpfer 1995) . Sequence variation in ITS1 and ITS2 of Hypochaeris species is due to point mutations rather than to insertions/deletions.
Comparison of sequence divergence between species (table 3) shows that the highest rate of nucleotide substitution appeared in ITS1. Consequently, ITS1 has evolved much faster than ITS2 within the genus Hypochaeris. The same has been observed in other genera of the family Asteraceae (Baldwin 1993; Kim and Jansen 1994) . However, it appears that in different groups of angiosperms, ITS1 pairwise divergence values are similar on average to those of ITS2 (Baldwin et al. 1995) but are under different evolutionary constraints (Kim and Jansen 1994) .
ITS Phylogeny and Species Relationships
Whatever the two outgroups used in this study, the genus Hypochaeris including H. robertia is monophyletic. Division of Hypochaeris species into sections or subgenera is somewhat confusing, because classifications often do not consider all the species. Five sections were defined by Hoffmann, (1891) (see fig. 3 ), based on the number of rows of pappus hairs and on achene morphology. De Fillipps (1976) described European Hypochaeris species according to the same characters. In many aspects, our results are in agreement with the delimitation of sections. The sections Achyrophorus Scop. and Metabasis DC form a monophyletic clade. The section Achyrophorus Scop. consists of European and South American species having one type of achenes with one row of pappus hairs. This section is paraphyletic according to our ITS tree. A pappus with one row of hairs appears to be an apomorphic character for these two sections. Hence, the specialization in two types of achenes, characteristic of the section Metabasis, would be a derived character. The feature ''two rows of pappus hairs'' of the sections Euhypochaeris Benth. and Seriola L. also suggests a single origin of this character given the ITS phylogenetic tree.
In this study, the ITS sequences of H. maculata, H. illyrica, and H. uniflora were almost identical. However, H. maculata and H. illyrica are closer to each other than to H. uniflora, which has a pairwise divergence higher (0.36) in ITS1 for these species. Their palynological features are also different. Hypochaeris uniflora possesses a type of pollen grains different from that of its two relatives (El Ghazaly 1980) . Nevertheless, these three species share a common mountain habitat in geographical areas close to each other, and the sequence similarity suggests a rather recent diversification: H. illyrica and H. uniflora grow at higher altitudes than does H. maculata.
Hypotheses about pollen evolution of Hypochaeris species have been suggested by El-Ghazaly (1980) . Echinolophate pollen grains found among the European Mediterranean species could be derived from the echinolacunate types found in the South American species through the intermediate of subechinolophate ones occurring also in South American species and in the European species H. uniflora.
In South America, we found species, with just one basic chromosome number (X ϭ 4), belonging to the most primitive morphological section Achyrophorus and having an ancestral type of pollen according to El-Ghazaly (1980) . The four species studied here also showed a great similary of ITS sequences and a common origin, which can be expected for the entire South American group. The large number of species (about 40) is an indication of a very rapid radiation of Hypochaeris in South America. However, because of the two kinds of pollen grains found in South American species, diversification in two general lineages must be proven. On the other hand, all morphological sections and all chromosome numbers are represented in European species, which show more derived pollen grains. This suggests that selection pressure was probably stronger in the European group than in the South American group, causing a faster pollen evolution from subechinolophate to echinolophate types. The same inference was made for Reichardia, another genus of the Lactuceae tribe (SiljakYakovlev 1986).
The South American species H. microcephala possesses white or pink flowers, morphological features considered to be derived (Babcock 1947) in the tribe Chichorieae. Nevertheless, the ITS tree shows an earlier divergence for this species in the clade of South American species.
The species H. oligocephala was first described as Heywoodiella oligocephala Swent. & Bramw. Lack (1978) later put it in the genus Hypochaeris on the basis of the pappus arrangement specific to Leontodontinae (Hypochoerinidae). This taxonomic position is confirmed by our molecular phylogeny, in which H. oligocephala appears as a sister species of H. cretensis. Karyological arguments also corroborate this relationship; H. oligocephala and H. cretensis share the same chromosome number (2n ϭ 6) and have similar karyotypes.
The position of H. robertia in our ITS phylogenetic tree is clear. However, the answer to our primary question about its systematic position is not obvious. The relationship of H. robertia with other species of Hypochaeris could be interpreted in two ways. First, it could be included in the genus Hypochaeris and be most related to the ancestral species of the genus. Barghi, Mugnier, and Siljak-Yakovlev (1989) considered it a member of an ancestral stock from which South American species could have arisen. However, our results show that European species have also arisen from a species related to H. robertia. Because H. robertia is the sister species of all other studied species of the genus, the second interpretation is that H. robertia could be renamed Robertia taraxacoides D.C., a monospecific genus. The fact that it is totally without beaked achenes is the basis for the argument of Jovet and de Vilmorin (1975) to conserve this generic state. However, this argument is not completely valid, since H. grandiflora Ledeb., the Asian species, and H. pampasica, a South American species, also have unbeaked achenes. Hypochaeris pampasica, analyzed in this study, clearly falls within the genus Hypochaeris, and therefore unbeaked achenes cannot be used as a discriminant character for the genus. R. taraxacoides D.C. would be still very close to the genus Hypochaeris and they would derived from a recent common ancestor. According to the neighbor-joining tree, this species has to be included in the genus Hypochaeris.
Chromosomal Evolution in the Genus
Variation of chromosome number and morphology among the species has led to several hypotheses of a possible evolutionary scheme. Molecular phylogeny could contribute to solving such problems.
In many aspects, results obtained with ITS phylogeny are congruent with chromosomal features of Hypochaeris species. Each clade displays a uniform chromosome number, except the one formed by H. glabra (2n ϭ 10) and H. radicata (2n ϭ 8) ( fig. 3) . Despite different chromosome numbers, these two species are closely related, since they easily hybridize in nature and experimentally, as shown by Parker (1975) . Parker concluded that they are sister species, possibly derived from a common ancestor with a basic number of 5. The high bootstrap value (100%) obtained for this node in our tree confirms this close relationship. However, on the basis of the ITS tree (figs. 3 and 4), we conclude that this lineage derived from a 2n ϭ 12 genome, like that of H. laevigata or H. achyrophorus, or from a 2n ϭ 8 genome rather than from a 2n ϭ 10 genome ancestor. Therefore, our results suggest a secondary origin for a basic chromosome number of 5 for H. glabra.
The lineage of South American species (X ϭ 4) is monophyletic and probably arose from a 2n ϭ 8 genome like that of H. radicata or H. robertia.
The species H. achyrophorus is considered a tetraploid of a 2n ϭ 6 species, similar in size and morphology of chromosomes to H. cretensis (Stebbins, Jenkins, and Walters 1953) . This is not supported by the ITS phylogenetic tree, which shows that the 2n ϭ 12 lineage is not related to the 2n ϭ 6 lineage. This result allows us to consider 6 as a basic chromosome number, which has already been suggested by Brullo et al. (1977). An increase of the basic chromosome number can be hypothesized to have occurred during evolution within the clade [radicata, glabra, laevigata, achyrophorus] , a clade apparently characterized by different chromosome numbers. However, we cannot exclude the possibility that the species H. achyrophorus and H. laevigata have been derived from allotetraploidy, since meiotic and other genetic studies are lacking.
From the ITS phylogenetic trees, the 2n ϭ 6 genomes of H. cretensis and H. oligocephala seem to have appeared by decreasing dysploidy from a 2n ϭ 8 or a 2n ϭ 10 genome. This agrees with the views of Lack (1978) , for whom karyological features of H. oligocephala (2n ϭ 6) argued in favor of a decreasing dysploidy, although some morphological characters, considered primitive, are inconsistent with this hypothesis. Therefore, our results suggest that the 2n ϭ 10 lineage of H. illyrica, H. maculata and H. uniflora probably arose from a 2n ϭ 8 genome by increasing dysploidy.
Karyotype morphology has sometimes been used to clarify taxonomic relationships. Within the tribe Cichorieae, karyological evolutionary trends suggested by Babcock (1947) involve an increase of karyotype asymmetry associated with a reduction of the basic chromosome number and morphological specialization. These hypotheses were supported by Stebbins, Jenkins, and Walters (1953) with regard to the genus Hypochaeris and other genera of the tribe. Notably, South American species of the genus Hypochaeris display strong asymmetrical and bimodal karyotypes considered to be derived features within the genus (Stebbins 1971) . The European species H. robertia also possesses this kind of bimodal karyotype. From the ITS phylogenetic tree, there is no distinct evidence that a symmetrical karyotype, like that of the H. maculata group, is more ancestral than an asymmetrical karyotype, like that of the South American group or H. robertia.
According to Stebbins (1971) , the Mediterranean region is the primary center of diversification. Despite the low number of species found in this area, all sections and various basic chromosome numbers (X ϭ 3, 4, 5, and, eventually, 6) are represented. Moreover, the presence of the genus Leontodon, the closest genus to Hypochaeris, in the same area, confirms this hypothesis. The ITS phylogeny supports this point of view and, consequently, points to South America as a secondary center of diversification.
The chromosome evolution as discussed above raises the question of the original basic chromosome number in the genus. Several hypotheses can be considered. Our molecular phylogeny reveals that either 4 or 5 could be the ancestral basic chromosome number. Several data argue for an original basic chromosome number of 4. First, the first emerging species of the phylogeny H. robertia displays this basic chromosome number. Second, X ϭ 4 occurs within the genus: this basic chromosome number is present in all major clades in Hypochaeris ITS phylogeny and is unique within the South American group, which includes the greatest number of species in the genus. Moreover, several species of the genus Leontodon also show this basic chromosome number (Bolkhovskikh et al. 1969; Moore 1977) . Finally, chromosome pair 1 of the European species H. cretensis (X ϭ 3) probably derived from a 2n ϭ 8 ancestor by a Robertsonian fusion as it was revealed by chromosome morphology study (Barghi, Mugnier, and Siljak-Yakovlev 1989) , the chromomycin banding pattern, and 5S rRNA gene localization (Cerbah, Coulaud, and Siljak-Yakovlev 1995) .
Therefore, we propose the hypothesis of a chromosomal evolution from X ϭ 4 within the genus Hypochaeris. In this case, the most parsimonious way to infer the chromosome evolution involves only four evolutionary events to generate the current pattern of the distribution of basic numbers in the genus ( fig. 5a ). This hypothesis assumes that, in addition to the same chromosome number, H. robertia, H. radicata, and the South American species display similar chromosomal features. Hypochaeris robertia and the South American species studied share the same bimodal and asymmetrical karyo-type but not the same total chromosome length (SiljakYakovlev et al. 1994) . Consequently, an alternative hypothesis of chromosome evolution is possible ( fig. 5b ) with an ancestral basic chromosome number of 5. This last hypothesis agrees with Stebbins, Jenkins, and Walters (1953) , who based their assumption on the fact that the most primitive section Achyrophorus, in terms of external morphology, contains most of the European species with X ϭ 5. Hypochaeris illyrica, H. uniflora, and H. maculata, which form a monophyletic clade, have the same karyotypic features (Mugnier, and SiljakYakovlev 1987) , but this is not the case for H. glabra (Barghi, Mugnier, and Siljak-Yakovlev 1989) . This hypothesis requires one more evolutionary step (five steps instead of four).
Whatever the hypothesis on the ancestral basic chromosome number, the radiation of the genus Hypochaeris could have taken place through increasing as well as decreasing dysploidy. This does not agree with the previous current hypothesis of chromosome evolution, which suggests only a decrease of the chromosome number, generally noticed in the tribe Lactuceae and from X ϭ 5 in the genus Hypochaeris (Stebbins, Jenkins, and Walters 1953) .
Amplification and deletion of arrays of repeated sequences are largely responsible for rapid changes in DNA content in plants (Tanksley and Pichersky 1988; Schweizer, Strehl, and Hagemann 1990) . Although chromosome rearrangments are implicated in speciation mechanisms, amplification of DNA repeated sequences as well as other chromosomal variants are maintained in populations as heteromorphisms and do not necessarily lead to speciation (Sumner 1990 ). In the genus Hypochaeris, the chromosome evolution is certainly very complicated with regard to the morphology of chromosomes, the range of chromosome number, and chromosome length, especially in the European group (Barghi, Mugnier, and Siljak-Yakovlev 1989; Siljak-Yakovlev et al. 1994; Ruas et al. 1995) . This evolution is also accompanied by changes in DNA amount, as shown by the analysis of the genome size in H. robertia, H. maculata, and the South American species . In the clade of South American species studied, the karyotypes are very similar to each other but show little differences in DNA content and in the number of nucleolar organizer regions . Chromosomal restructurings between species have been also observed with chromomycin banding and in situ hybridization of rDNA sequences in the 2n ϭ 12 and 2n ϭ 6 clades (Cerbah 1997 ). However, further cytogenetic studies are needed to determine which type of rearrangments occured within each clade of Hypochaeris species.
Following these results, it would be useful to improve the phylogenetic data of the genus Hypochaeris using other sequences. These studies should include more South American species, especially those with 2n ϭ 4X ϭ 16 chromosomes and those with different types of pollen as well as the unique Asian species of the genus H. grandiflora Ledeb. This last species should be very close to the lineage of H. maculata according to its basic chromosome number (X ϭ 5), its chromosome morphology, and its taxonomic section. These studies would help our understanding of the evolution within the genus.
